The purpose of this work is to present phenology as a valid indicator and methodology for monitoring and assessing the impact of climate change on plant-based tourist activities. Fruit-picking has become a popular rural tourism activity worldwide. However, fruit maturity dates (FMD) have been affected by climate change (CC), which has in turn profoundly affected fruit-picking tourism activities (FPTA). In this paper, phenological data on the FMD for 45 types of plants in 1980-2012, dates for more than 200 fruitpicking festivals, and data on monthly average air temperature in 1980-2013 were used to assess the impact of CC on FPTA by wavelet and correlation analyses. The findings indicated that the study area had been significantly affected by CC. Prevailing temperatures at one or three months prior have a decisive influence on FMD. Among the 11 plants directly related to FPTA, the FMD of four were significantly advanced, while 6-7 were significantly delayed owning to increased temperature. Of the 11 FPTA, only two had realized the impact of CC and had adjusted festival opening dates based on dynamic changes. However, a considerable number of festival activities remained fixed or scheduled on the weekends.
Introduction
The phenophases of plants (such as flowering and changes in leaf coloration) have important ecological and economic significance. In the past, people would celebrate seasons when plants blossom and bear fruits by holding festivals and carrying out related events and activities. These forms of leisure and tourism activities have always been very popular. Examples include the cherry blossom festivals held in Japan and the United States (US), tulip festival in Netherlands, and narcissus festival in Austria. Nowadays, viewing the flowering and leaf coloration changes of ornamental plants and fruitpicking have become attractive tourism activities. These aspects of the agritourism industry are valued at trillions of dollars. Every spring, the National Cherry Blossom Festival in Washington attracts 700,000 visitors [1] , while daily visitors viewing the cherry blossoms in Ueno Park of Tokyo, Japan, amount to hundreds of thousands. Likewise, the National Cherry Festival held from November to December in the town of Young in New South Wales, Australia, every year attracts thousands of visitors. In China, viewing peach blossoms is a tradition that has lasted more than a thousand years. Each year, the Peach Blossom Festival held in Longquanyi District, Chengdu, attracts more than four million visitors.
In recent years, an important activity of rural tourism in China is fruit-picking during seasons when fruits ripen. During these periods, previous bases for fruit cultivation have now become important places for fruit-picking. It is also a popular recreation and tourism activity worldwide for individuals to pick fruits from fruit-producing bases personally and then savoring them fresh. Such activities in China attract the participation of large numbers of tourists. These include the annual loquat harvesting festival in spring, watermelon, and grape picking festivals in summer and citrus festival in fall. Tourism revenue derived from fruit-picking activities has gradually become an important component of local farmers' incomes.
The Strawberry Festival of Tongzhou District, Beijing, was officially opened on March 22, 2013. The event brought more than 20,000 visitors to the district and its surrounding towns and villages daily, generating daily incomes that amounted to 1.3 million renminbi (RMB). The first Grape Festival of Daxing District, Beijing, held in 2015 welcomed thousands of tourists on the opening day. In the fall of 2014, Beiwu Town, located in the Shunyi District of Beijing, promoted fruit-picking tours within an integrated green and ecological zone occupying 3,000 mu (Chinese acre), attracting large numbers of tourists.
The Shanghai Citrus Festival is organized on Changxing Island and draws more than 100,000 tourists annually. That number comprises half of the island's total tourist arrivals per year. The mulberry-producing base in Chongming County, Shanghai, which hosts the annual fruit-picking of mulberry festival, has a cultivated area of 7,148 mu, annual output capacity up to 8,500 tons, and annual output value amounting to one hundred million RMB. The 2015 Grape Cultural Festival of Pancheng New Street, Nanjing, lasted half a month and received more than 130,000 visitors. The cumulative weight of grapes sold was 8.75 million kilograms, translating to sales revenue of 109 million RMB. The Lvshun Cherry Festival welcomed 220,000 visitors in 2011, reaping nine million RMB in ticket sales. In addition, 20,000 tons of sweet cherries were sold, generating total revenue of 280 million RMB.
Phenological studies indicate that plants are more sensitive to temperatures during the phenophases (flowering and fruiting dates) [2] [3] [4] . There is already existing literature [5] that made use of phenological observation data on the flowering and leaf coloration changes of plants to examine the impact of climate change (CC) on plants' phenophases and related tourism activities, such as viewing floral blossoms in spring [6] [7] [8] and red foliage of trees in fall [9] . Aono and Kazui [10] pointed out that the average full flowering date of Kyoto's cherry blossoms in 1971-2000 had been advanced by seven days compared to 1,200 years ago. As an adaptation strategy to CC and the induced effect of the flowering date being advanced, Japan set up a dedicated website which was set up in Japan to provide visitors with accurate forecasts for the durations of and locations for viewing cherry blossoms. On the other hand, existing literature does not contain studies in which phenological data on fruit maturation are used to study possible impacts of CC on fruit-picking tourism activities (FPTA), nor have any adaptive measures been made.
In this context, this paper used phenological observation data on fruit maturation and defined characteristics of CC within the study area as the basis to analyze the sensitivity of maturity dates to air temperature. In so doing, the aim was to determine the types of plants whose FMD are being affected by CC. Next, the relationship between air temperature and the various fruit-picking festivals' opening date was analyzed. We also examined whether FMD and fruit-picking festivals were aligned with trends in temperature fluctuations.
These findings were used as the basis to determine the possible impact that CC has on fruit-picking tourism, as well as to propose strategies that can help related operators adapt to CC. The study subject was fruit-picking festival, while Chongqing Municipality was selected as the study area because there is a wide variety of FPTA held there. This meant that the impact will be felt there greater and that the comprehensive tourism effect will be more prominently. We hope that the study will alert researchers to the economic significance of phenology.
These findings can provide a preliminary insight into the adaptability of tourism activities to CC and serve as an important scientific basis to understand the temporal and regional variations in seasonal plant-related tourism activities. Furthermore, they can also guide the adaptation of tourism activities to CC and improve the accuracy and risk estimates of the economic impact that CC has on the tourism industry, and help tourism policy makers formulate strategies that will help tourism activities adapt to CC.
Study Area
Chongqing, the largest city in southwest China, is located between longitude 105 ∘ 17 -110 ∘ 11 east and latitude 28 ∘ 10 -32 ∘ 13 north. It is an important tourism center along the upper reaches of the Yangtze River ( Figure 1 ). In 2014, it hosted a total of 349 million tourists and tourism revenue was more than 200 billion RMB. Among that, rural tourism comprised 80 million visitors and business income of 15 billion RMB. The industry generated related jobs for more than 600,000 people and helped 180,000 farmers out of poverty. 
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Yangtze River Location of festival the different media were verified individually. Eventually, the sequences of dates for 11 types of FPTA were established ( Figure 2 ). The purpose was to determine the degree of sensitivity of FMD to CC within the study area. Correlation analyses were also made between the opening dates of the various fruit-picking festivals and air temperature at the corresponding meteorological stations. This was to ascertain whether the operators of fruit-picking festivals had taken CC into consideration.
Analyzing Patterns of Cyclical Changes in Air Temperature.
Since CC contains regional variations, it was necessary to confirm whether the study area had experienced CC. Wavelet analysis has the advantage of being able to determine the magnitude and timing of change for a time series and hence is widely used in climate diagnostics [11, 12] . Considering that air temperature is the most important factor affecting plant phenology, this paper applied the Morlet wavelet analysis [13] to study the patterns of cyclical changes in the air temperature for Chongqing.
Results

Significant Changes in CC in the Study
Area. There had been significant cyclical changes in the annual average air temperature of the study area between 1980 and 2013. For the real-part isolines and norm time-frequency of the wavelet transform coefficients, the positive and negative centers represent air temperature on the high and low sides, respectively. Overall, isolines for the annual average wavelet coefficients are relatively dense around the 4-7a, 8-16a, and 26-32a temporal scales. Among these, the density for the 4-7 a temporal scale was the most prominent over the entire study period . Its center temporal scale was approximately 6 a, during which temperatures underwent 8.5 alternating cycles of low → high → low → high. Next was the 8-16 a temporal scale, during which density was quite high. Its center temporal scale was approximately 6 a, during which temperatures underwent 3.5 alternating cycles of low → high → low → high. Last was the 26-32a temporal scale, with its center at 29 a (Figure 3(a) ).
The norm time-frequency diagram of wavelet transform coefficients indicates that, among the three temporal scales, the cyclical oscillation during 4-7a was the strongest and had the widest coverage. These mainly occurred in 1981-2006, with the oscillation center at approximately 1998. The other cyclical oscillations were relatively weak (Figure 3(b) ).
FMD Are Highly-Sensitive to Air Temperature Changes.
Temperature changes have significant impact on FMD, with different species having varying degrees of sensitivities. Of the 45 types of plants, 37 were sensitive to prevailing temperatures for the previous month (Table 2) . Among these, the FMD of 20 plants were advanced due to rising temperatures, with the sensitivity range being 0.13-19.71 d/ ∘ C. For the four plants specifically related to fruit-picking, the sensitivity range was 3.19-5.84 d/ ∘ C. Pomegranate was the most sensitive, while shaddock was the least. On the other hand, the FMD of 17 plants were delayed due to rising temperatures, with the sensitivity range being 2.06-13.10 d/ ∘ C. The sensitivity range for the six plants related to fruit-picking was 2.06-6.64 d/ ∘ C, with apple and peach being the most and least sensitive, respectively.
Prevailing temperatures for the previous three months affected 38 plants (Table 3) . Among these, the FMD of 16 plants were advanced. The overall sensitivity range and that for the four plants directly related to fruit-picking were 1.56-9.97 d/ ∘ C and 4.18-7.23 d/ ∘ C, respectively. Pomegranate and cherry were the most and least sensitive, respectively. The FMD of the remaining 22 plants were delayed due to rising temperatures. The sensitivity range was 2.06-10.26 d/ ∘ C. Of these, the seven plants related to fruit-picking had a sensitivity range of 2.06-7.39 d/ ∘ C, with mulberry being the most sensitive and Mountain Peach the least.
Adaptation of FPTA to CC.
Correlation analysis was made between 11 FPTA and monthly average air temperature one month prior to the respective opening dates of those activities. Only two fruit-picking festivals were significantly consistent with trends in temperature variations ( < 0.05): (i) Cherry Festival of Shuangshan Town (Figure 4(b) ) and (ii) Citrus Cultural Festival of Zhong County (Figure 4(d) ). Of the remaining nine festivals, the opening dates for three were related to the previous month's temperatures ( < 0.1). These were the Loquat Tourism Cultural Festival of Dazu District (Figure 4(a) ), Waxberry Cultural Festival of Xinglong Town (Figure 4(c) ), and Grape Tourism and Cultural Festival of Bishan District (Figure 4(e) ).
Specifically, rising temperatures led to the advance of the Cherry Festival of Shuangshan Town's opening date by 3.14 d/ ∘ C (Figure 4(b) ). The opening dates of the remaining four festivals were all delayed due to temperature increases, 3 denotes the average air temperature three months prior to fruit maturity date, where * , * * , and * * * denote 10%, 5%, and 1% significance levels, respectively.
with the rates being 5.30 d/ ∘ C (Figure 4(a) ), 3.96 d/ ∘ C (Figure 4(c) ), 1.10 d/ ∘ C (Figure 4(d) ), and 3.35 d/ ∘ C (Figure 4(e) ), respectively.
The opening dates for the Loquat Tourism Cultural Festival of Dazu District, Cherry Festival of Shuangshan Town, and Grape Tourism and Cultural Festival of Bishan District were found to be consistent with the trends in temperature variations. The dates were also aligned with the changing trends of FMD for the observed species (loquat, cherry, and grape, resp.) resulting from temperature changes. For the Jiangnan Loquat Festival (one of the other six festivals), half of its opening dates over the years remained scheduled on the weekends.
These findings indicate that most organizers of fruitpicking festivals did not take into account the effects of temperature changes when planning those events and that only a few activities were arranged to comply with changing phonological patterns of the related species. Most festival organizers have yet to consider the impact of CC on festival activities or have not paid adequate attention to the impact of temperature changes. Instead, they tended to simply schedule festival activities on the weekends.
Conclusion and Discussion
FPTA are essentially dependent on FMD. Although there has gradually been a consensus over the fact that CC affects plant phenology, the responses of different species to air temperature changes vary significantly. Some may even exhibit reactions opposite to regular patterns. In this study, 11 species that are directly related to FPTA were examined. Among them, the FMD for four species were advanced significantly, while the remaining 6-7 were significantly delayed. Specifically, pomegranate, apple, and mulberry were the most sensitive to temperature changes, while shaddock, peach, and cherry were the least sensitive. The implication is that the complexity of FPTA adaptation measures to CC has increased greatly. There is a need for researchers to examine each species individually to determine the trend and degree of sensitivity for each species' FMD in response to CC. In addition, even for the same species, the degree of phenological sensitivity to CC may vary significantly in different regions. Therefore, more comprehensive comparative analysis of case studies must be done to confirm the extent of CC's impact.
In recent years, more members of the public have gained a better understanding of CC and its impacts. It was found that prevailing temperatures for one or three months prior have a decisive influence on FMD. In order to adapt to CC, relevant management departments that operate FPTA should adjust the dates and durations of festival activities promptly based on changes in FMD or temperatures. However, this study found that very few festival organizers were aware of the impact of CC, nor have they adjusted festival opening dates according to dynamic temperature changes. A considerable number of festivals continue to fix the schedule of festival activities on the weekends. This will result in tourists missing out on the optimal fruit-picking season. The key to the further development of fruit-picking tourism is the provision of timely and accurate information on FMD to both tour operators and tourists.
There is a rich variety of FPTA around the world, most of which are vulnerable to CC's impact. However, there is a lack of existing phenological observations on species directly related to FPTA. Hence, it is necessary to increase the existing database of observations to include those species. The optimal season to carry out FPTA is between the time when fruits are beginning to ripen and that when they fall off the plants. The duration that each species' fruit maturity is sustained determines the period over which FPTA can be carried out. Existing phenological observation data contain more records on the timing when fruits begin to ripen, but there is a relative lack of records on the timing when fruits fall. This has in turn affected the accuracy of assessment studies on the impact of CC on FPTA.
In terms of the adaptability of fruit-picking tourism to CC, there is a need to establish phenological observation stations over a greater geographical distribution and a public platform for real-time dissemination of information. Presently, there are less than 40 observation stations in the whole of China. This is clearly insufficient to meet the needs of seasonal tourism activities. However, there is a lack of funds to establish large number of observation stations. In this regard, China can draw upon the experience of other countries by cultivating volunteers who make phenological observations and encouraging large-scale public participation through the setting up of a real-time phenology reporting mechanism. In addition, it is noted that China has yet to adopt a flexible vacation system. Even if festival organizers were to make real-time adjustments to event dates based on FMD and CC, visitors may not be able to participate due to the lack of leave. Thus the implementation of a flexible salaried vacation system which includes paid leave will be an important policy that will strengthen the adaptability of fruit-picking tourism to CC and ensure the sustainable development of the industry. 
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